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[SPECIFICATION] 

[1. TITLE] 

MEDICAL TUBE 

[2. claim] 

1 In the pipe manufactured with coextrusion forming, using the 2 or more types of 
polymeric material containing a shape-memory resin as a molding material, the 
medical tube characterized by the cross-section of this pipe for which it has a 
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shape-memory resin cross section in part at least 

2 The cyclic multilayered structure consisting of the polymeric material from which the 
cross section of a pipe differs is formed, the medical tube of the Claim 1 description 
whose at least one layer of the is a shape-memory resin and whose other layer is 
flexible material. 

3 It is the cyclic cross-section which connected and formed the 2 or more radii 
consisting of a different polymeric material. 

The medical tube whose material of the at least 1 or more is a shape-memory resin. 

4 The medical tube of the Claim 1-3 description by which the contrast medium is 
added by either the flexible polymeric material or the shape-memory resin. 

5 The medical tube of the Claim 1-4 description at least 1 type of shape recovery 
temperature of whose of a shape-memory resin is 20-70 degrees-Celsius. 

6 The medical tube of the Claim 1-5 description using the 2 or more types of 
shape-memory resin from which a shape recovery temperature is different. 

7 Other polymeric material which touches shape-memory resin, the medical tube 
described in Claim 1-5 with one or more same monomer units as a shape-memory 
resin. 

[3. DETAILED DESCRIPTION OF INVENTION] 
[INDUSTRIAL APPLICATION] 

This invention relates to the medical tube (especially, medical tubes, such as an 
enteral-nutrition tube and a trachea tube) consisting of the 2 or more types of material 
in which the cross-sectional shape of a pipe consists the unique function in which 
temperature recovers in a predetermined memory shape. 

[PRIOR ART] 

Conventionally, what was manufactured with the material of a single kind as a pipe is 
known usually, as a pipe used in particular for medical application, it uses flexible 
material, usually, the elongate thin tube of a mono layer or multiple layers was used. 
Such a pipe is usually the cyclic of that the cross-section of a vertical plane is circular, 
or an ellipse form at a longitudinal direction. 

This cross-sectional shape cannot be changed without applying mechanical legal 
force. 

On the other hand, after an operation etc., when a patient cannot ingest a nutrition by 
himself, an enteral-nutrition tube may be used for a nutrient supplement. 
Under the present circumstances, a patient inserts an enteral-nutrition tube in the 
duodenum or the jejunum from a nose or a mouth, a nutrition is supplied through this 



JP 03-1 8377 A 



4/11 



tube. 

In the nutrition supply by the enteral-nutrition tube, in order to pour many nutrition 
liquids, the path of the tube which uses becomes bigger, therefore, when a patient 
inserts a tube, he senses a feeling of a foreign material, and he has the fault of giving 
a suffering. 

[PROBLEM ADDRESSED] 

This invention aims at providing the medical tube which the cross-sectional shape of a 
pipe decompresses in a memory shape by the temperature rise more than a shape 
recovery temperature. 

In particular when using as a medical tube, it aims at providing the tube with which a 
path is small with a tube at the time of insertion or sampling, and a path becomes 
bigger after indwelling at it. 

[SOLUTION OF THE INVENTION] 

In order for the present inventors to change the cross-sectional shape of a pipe, a 
shape-memory resin is used for one part of the material of a medical tube, this 
invention was perfected. 

That is, this invention consists of invention of each following term. 

1 In pipe manufactured with coextrusion forming, using 2 or more types of polymeric 
material containing shape-memory resin as a molding material, it has a 
shape-memory resin cross section in at least one part of the cross-section of this pipe. 
The medical tube characterized by the above-mentioned. 

2 Forming cyclic multilayered structure consisting of polymeric material from which 
cross section of pipe differs, the at least one layer is a shape-memory resin. 
Another layer is a medical tube described in claim 1 which is flexible material. 

3 It is the cyclic cross-section which connected and formed the 2 or more radii 
consisting of a different polymeric material. 

The medical tube whose material of the at least 1 or more is a shape-memory resin. 

4 The medical tube described in claim 1 -3 by which the contrast medium is added by 
either the flexible polymeric material or the shape-memory resin. 

5 The medical tube described in claim 1-4 at least 1 type of shape recovery 
temperature of whose of a shape-memory resin is 20 degrees-Celsius-70 
degrees-Celsius. 

6 The medical tube described in claim 1-5 using the 2 or more types of shape-memory 
resin from which a shape recovery temperature is different 

7 Other polymeric material which touches shape-memory resin 

The medical tube described in claim 1-5 with one or more same shape-memory resins 
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and monomer units. 

The medical tube of this invention has a shape-memory resin in one part of a pipe 
cross-section. 

If it heats more than a shape recovery temperature, it will recover in the shape of the 
cross-section which this shape-memory resin was made to memorize. 
Usually, a shape is first deformed into the small pipe of a path, and this is inserted in an 
intra-corporeal, after installing a pipe in a desired position, temperature is raised, the 
circular enlarged section which is a memory shape is recovered, and it uses. 
The small memory shape of the diameter of a circular shell which is the greatest 
cross-sectional shape can also be made to recover the pipe of this invention 
depending on an application. 

The shape-memory resin used for this invention can convert between a memory 
shape and deformations reversibly. 

It changes dynamically, it is low temperature and the shape is fixed, it decompresses 
in a memory shape by heating more than a shape recovery temperature. 
This process is repeatable. 

If it is the shape-memory resin which has such a function, anything can be used to this 
invention, for example, the commercial polynorbornene -based, a styrene-butadiene 
copolymerization system, polyurethane -based, trans isoprene -based, etc. can be 
used suitably. 

Since the shape recovery temperature of this shape-memory resin uses for medical 
application, it is a relationship with body temperature and 20-70 degrees-Celsius (in 
particular preferably 30-50 degrees-Celsius) is suitable. 

The flexible material used for this invention can use the soft resin or rubber, for 
example, a low density polyethylene, LLDPE, EVA, a silicone rubber, a polyurethane, 
a natural rubber, a polyisoprene, chlorohydrin rubber, fluororubber, etc. can be used. 
Combination having high compatibility with the shape-memory resin which uses to this 
invention in particular, for example, to a polyisoprene -based shape-memory resin, the 
combination of a polyisoprene can be used suitably. 

The medical tube of this invention can make a cross section a cyclic multilayered 
structure, as shown in FIG. 1. 

In the case of FIG. 1 , an outer layer 1 is a shape-memory resin. 
The inner layer 2 consists of flexible material. 

In this case, if an inner layer 2 is a hard material, conversion with a memory shape and 
a deformation shape cannot be performed. 

This pipe can manufacture a shape-memory resin and the flexible material resin with 
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coextrusion forming from a double cyclic die. 

The flexible polymeric material used for this invention supplements the physical 
property of a shape-memory resin. 

According to the strength, elastic texture, biocompatibility, etc., it can choose suitably. 
The cross section has shape-memorized the shape memory resin layer for the pipe of 
FIG. 1 circularly. 

For example, when using as a medical pipe, it changes into the form crushed like the 
cross-section of FIG. 2 (a) or (b) more than the shape recovery temperature, if it cools 
with this shape, the deformation tenacity of a shape-memory resin will limit the stability 
of a flexible layer, and it will maintain a deformation. 
Then, it inserts in the inside of the body with this form. 

After insertion finishes, the liquid of the temperature more than a shape recovery 
temperature is poured in a pipe at this, the memory shape of a shape-memory resin 
can be recovered. 

As a cyclic multilayered structure of FIG. 1, a shape-memory resin is used for inner 
surface, and the flexible resin is used to an outer layer, it can be made the structure of 
three or more layers. 

If the flexible resin is coated to the inner layer and outer layer of a shape memory resin 

layer, an outward-appearance top has favorable biocompatibility. 

And the property of a shape-memory resin is demonstrated favorable functionally. 

Moreover, in the pipe of this invention, as shown in FIG. 3, the radii of the half of the 

cross-sectional periphery of a pipe are the shape-memory resin radii 3. 

The radii 4 of another half can be used as the normal flexible or hard resin etc. 

When the radii of another half are used as the existing flexible resin, this radii part 

changes according to a deformation of a shape-memory resin. 

Therefore, if the radii of a shape-memory resin part are made to change, a flexible part 

will change according to it, in the interconversion of the pipe and the memory shape 

where the shape-memory resin was used for all, and a deformation shape, all show 

the behavior of the same as a shape-memory resin material. 

Then, the almost similar deformation as FIG. 2 can be provided, and can be 

decompressed circularly completely. 

Although the cross-sectional shape of this part is not changed when the hard resin is 
used for the radii of another half 

Only the shape-memory resin part which occupies the radii of the half of a pipe can 
repeat conversion between a deformation shape and a memory shape. 
Moreover, the flexible polymeric radii 4 and the shape-memory resin radii 3 can be 
used in the two or more radii sections like FIG. 4 (a)(b), respectively. 
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Furthermore, the flexible polymeric material layer 2 can be distributed at the upper 
layer, a sublayer, or top and bottom layers in the tube which has the shape-memory 
resin radii 3 in one part of radii as shown in FIG. 5, and it can also consider as a duplex 
or a triple pipe. 

Two or more also divided the pipe from which a material is different for every radii as 
shown in FIG. 3 and FIG.4 and FIG.5, and it is prepared, and from a mouth, 2 or more 
types of material can be extrusion-molded from a 2 or more extruding machine to 1 
piece or a double cyclic die, and it can manufacture to it. 

In this invention, in particular a limit does not have the ratio of a shape-memory resin 
including the case of FIG. 1 or FIG. 3, for example, either. 

However, it can choose suitably corresponding to a deformation shape, for example, 
20 to 90% of a pipe cross section (preferably 40 to 70 %) can be made into a 
shape-memory resin. 

The medical tube of this invention has the characteristics in the point that all have the 
function in which the cross-sectional shape of a pipe can decompress in a memory 
shape, in a grade almost equal to the pipe consisting of a shape-memory resin, 
maintaining the property of a normal material by replacing one part of the pipe of a 
normal material with a shape-memory resin. 

Moreover, the medical tube consisting of the shape-memory resin from which a 2 or 
more types of shape recovery temperature differs as a medical tube of this invention 
can also be used suitably. 

The decompression recovered in a memory shape by two sorts of shape-memory 
resins can be made into a 2-step. 

For example, it raises in the 1st stage more than the shape recovery temperature of 
1st shape-memory resin, and the path of a pipe is enlarged, it is made larger than the 
shape recovery temperature of 2nd shape-memory resin, the path of a pipe is further 
enlarged, depending on a requirement, a path is conversely reducible again. 
If the pipe of such a system is used for a medical pipe, a path will be made thick after 
insertion as a path slender at the time of insertion, when further sampling, a path can 
be again made slender. 

For example, the medical enteral-nutrition tube which forms four halves of a periphery 
for two sorts of shape-memory resin radii 3 from which a shape recovery temperature 
differs, and 3' (3* of a shape recovery temperature is higher) alternately like FIG. 6 (a) 
and which was used as cross-sectional, first, as shown in FIG. 7, where a path is 
reduced, it inserts in an intra-corporeal, next, pour the nutrition liquid more than the 
shape recovery temperature of the shape-memory resin radii 3. 
It can be made the path which FIG. 6 enlarged, when replenishment of a nutrition 
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finishes, if water higher than the shape recovery temperature of shape-memory resin 
3* is poured, as shown in FIG. 8, the part of shape-memory resin 3' can change, and it 
can be made the cross-sectional shape of the diameter of reduction. 

In addition, in this example, in addition to the shape-memory resin which a shape 
recovery temperature A Becomes, flexible material 4,4' can also be arranged on a 
periphery as shown in FIG. 6 (b). 

If the contrast medium is added, an insertion state can grasp in the medical tube of this 

invention from outside, and it will be easy to give insertion operation to it. 

The situation of the pipe in the carcass especially added only in a shape-memory resin 

or one of flexible polymeric materials can grasp more clearly. 

The example of use of this invention medical tube is demonstrated about the case of 

an enteral-nutrition tube (FIG. 9). 

What has the cross section of FIG. 3 using the shape-memory resin radii 13 of shape 
recovery-temperature 50 degrees-Celsius and the soft polyethylene resin 14 
containing a contrast medium as this invention medical tube is used, the olive 11 with 
the side hole 12 (a shape-memory resin or shape memory metal) is formed at the front 
end. 

An introducing-pipe part changes this into the cross-sectional shape of a reduction 
shape as shown in FIG. 2, in order to make insertion operation easy, the stylet 16 is put 
into the introducing pipe. 

Other operation can be inserted by the conventional method. 
That is, the length of a tube necessary by the nasal shell stomach is measured before 
insertion, next, lubricant (Xylocaine jelly etc.) is applied to a tube leading end part (15 - 
20 cm). 

Small-amount dropping of the surface narcotic (for example, Xylocaine jelly) is carried 
out also into the nose. 

The enteric tube 10 into which the stylet 16 of FIG. 9 was put is inserted from a nostril, 

if it reaches to epiglottis, it will feed even into a stomach center all at once, air is 

implanted in the enteric tube 10, it checks that a front end is in the stomach. 

If it checks that a tube is in the stomach, from a tube, extraction will be passed for a 

stylet and a pylorus ring will be passed for a tube by movement. 

It detains in the duodenum or the jejunum, a tube is firmly fixed to a cheek. 

Under the present circumstances, the check of a detention position can be performed 

by the line (it enters in the flexible material of a tube) of a radiopacity, and the olive 11 

of a leading end part. 

The Example which used this invention medical tube as a trachea tube 20 is 
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demonstrated. 

An outer layer is a silicone rubber as shown in FIG. 10. 

The trachea tube 21 which used the shape-memory resin of shape 
recovery-temperature 30 degrees-Celsius to the inner layer is manufactured, as 
shown in FIG. 2, a path is reduced for this. 

The air of a balloon 22 is extracted to this and it considers as a pressure reduction, this 
is stuck in the pipe of a reduction shape. 

It conserves by carrying out to below a shape recovery temperature. 

After inserting the trachea tube 20 in the trachea for this by the conventional method, 
after enlarging a path, it uses by body temperature. 

In this case, it is desirable to make it a low shape recovery temperature by body 
temperature, and to make most of the insertion completion and shape recovery into 
simultaneousness. 

[EFFECT OF THE INVENTION] 

The medical tube of this invention can decompress the shape of the tube of an 
intra-corporeal from an external by raising the temperature of the fluid which passes 
the inside of this tube. 

Therefore, it uses for the various medical objective and a treatment is made easy, or it 
is effective in reducing a patient's suffering in a treatment 
The utilization range as medical is widely useful. 

[4. Brief Description of Drawings] 

FIG. 1 is sectional drawing which shows the cross-section of the pipe of one Example 
of the medical tube of this invention. 

FIG. 2 (a)(b) is sectional drawing in the state where the reduction deformation was 
carried out. 

FIG. 3 and FIG.4 and FIG. 5 are these sectional drawings of another Example. 
FIG. 6 (a)(b) is this sectional drawing at the time of using a shape-memory resin and 
flexible giant-molecule, when the shape-memory resin of a 2nd source is used. 
FIG. 7 and FIG. 3 is sectional drawing which shows the aspect of the deformation and 
decompression. 

FIG. 9 is a side view of the enteral-nutrition tube of this invention. 
FIG. 10 is a perspective diagram of the trachea tube of this invention. 
The code in a figure is 1.; 

The shape memory tree alicycle-like cross-sectional, 2; 
The flexible tree alicycle-like cross-sectional, 3,3'; 
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The shape-memory resin radii cross-sectional, 4,4'; 
The flexible polymeric radii cross-sectional, 10; 
An enteric tube, 11; 
An olive, 12; 

A side hole, 13: The shape-memory resin section, 14; 

The flexible polymeric section containing a contrast medium, 15; 

A catheter base, 16; 

A stylet, 20; 

The tube in the trachea, 21; 
The conduit, 22: It is a cuff. 
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